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@  Device  for  supplying  grinding  fluid. 

A    device  suitable  forsupplying  grinding  fluid  to  an  ap- 
paratus  for  generating  curved  surfaces  by  means  of  a  rotat- 
ing  grindstone,  and  which  supplies  grinding  fluid  to  the 
grinding  point  under  the  optimum  conditions  following  up 
the  grinding  point  moves.  Being  provided  with  a  means  of 
turning  the  nozzles,  which  spout  grinding  fluid  onto  the 
grinding  point  from  a  fixed  direction,  about  the  axis  of  the 
grindstone,  it  is  able  to  constantly  ensure  a  sufficient  supply 
of  grinding  fluid  to  the  grinding  point  by  controlling  this  ro- 
tation  so  that  the  nozzles  are  always  pointing  in  a  fixed  di- 
rection  relative  to  the  grinding  point  so  that  the  tendency  of 
clogging  and  wear  of  the  grindstone  is  suppressed.  It  is  thus 
able  to  improve  the  accuracy  and  quality  of  the  surface  of 
the  object  being  ground. 



BACKGROUND  OF  THE  I N V E N T I O N  

T h i s   i n v e n t i o n   r e l a t e s   t o   a  d e v i c e   w h i c h   s u p p l i e s  

t h e   g r i n d i n g   f l u i d   u s e d   in   t h e   g r i n d i n g   of   o p t i c a l   l e n s e s ,  

m i r r o r s ,   t h e   c u r v e d   p a r t s   o f   m e t a l   m o u l d s   and   t h e   l i k e .  

By  e n s u r i n g   a  c o n s t a n t   and   s u f f i c i e n t   s u p p l y   of   g r i n d i n g  

f l u i d   to   t h e   g r i n d i n g   p o i n t ,   i t   m a k e s   p o s s i b l e   s u p e r -  

p r e c i s i o n   p r o c e s s i n g   w i t h   a  g u a r a n t e e d   q u a l i t y   of   s u r f a c e  

a n d   a c c u r a c y   o f   c u r v a t u r e   by  p r e v e n t i n g   c l o g g i n g   a n d   w e a r  

of   t h e   g r i n d s t o n e .  

U n d e r   c o n v e n t i o n a l   m e t h o d s   o f   g r i n d i n g   c u r v e d  

s u r f a c e s ,   g r i n d i n g   f l u i d   i s   s u p p l i e d   to   t h e   g r i n d s t o n e   a s  

in   a  m a n n e r   shown   in   F i g u r e s   l a   a n d   l b .  

In  F i g u r e s   l a   and   l b ,   a  n u m e r a l   1  d e n o t e s   a  

g r i n d s t o n e   a t t a c h e d   t o   a  r o t a t i n g   s h a f t   w h i c h   r o t a t e s   a t  

h i g h   s p e e d   in   t h e   d i r e c t i o n  a   to   g r i n d   t h e   o b j e c t   b e i n g  

g r o u n d   2  to   t h e   s p e c i f i e d   c u r v a t u r e .   T h i s   g r i n d s t o n e   1 

a n d   t h e   o b j e c t   b e i n g   g r o u n d   2  move  r e l a t i v e   t o   e a c h   o t h e r  

in   t h e   d i r e c t i o n   b  so  as   t o   g e n e r a t e   t h e   d e s i r e d   c r o s s -  

s e c t i o n a l   c u r v a t u r e   a t   r i g h t   a n g l e s   to   t h e   a x i s   of   t h e  

g r i n d s t o n e   1.  The  o b j e c t   b e i n g   g r o u n d   2  a l s o   r o t a t e s   i n  

t h e   d i r e c t i o n   C  to   g e n e r a t e   a  c u r v e d   s u r f a c e   w h i c h   i s  

s y m m e t r i c  w i t h   r e s p e c t   to   t h e   a x i s   o f   r o t a t i o n .  

To  s u p p l y   t h e   g r i n d i n g   f l u i d ,   a  n o z z l e   3  i s  

p r o v i d e d   to   s p o u t   g r i n d i n g   f l u i d   in   a  d i r e c t i o n   p a r a l l e l  

to   t h e   a x i s   of   t h e   g r i n d s t o n e   1,  and   a n o t h e r   n o z z l e   4  i s  



p r o v i d e d   to   s p o u t   f l u i d   a t   a  t a n g e n t   to   t h e   g r i n d s t o n e   1 ,  

so  t h a t   g r i n d i n g   of  t h e   c u r v e d   s u r f a c e   i s   c a r r i e d   o u t   w i t h  

f l u i d   s u p p l i e d   in   t h e   v i c i n i t y   of  t h e   g r i n d i n g   p o i n t .  

H o w e v e r ,   u n d e r   t h e   a b o v e   a r r a n g e m e n t   t h e   g r i n d i n g  

p o i n t   s l o w l y   moves   as  t h e   g r i n d i n g   p r o g r e s s e s ,   so  n o z z l e s  

3  and  4,  w h i c h   a r e   s e t   up  a t   t h e   s t a r t   of  g r i n d i n g   t o  

s u p p l y   g r i n d i n g   f l u i d ,   g r a d u a l l y   l o s e   t h e i r   e f f e c t i v e n e s s  

in  s u p p l y i n g   t h e   g r i n d i n g   p o i n t .   C o n s e q u e n t l y ,   as  t h e  

g r i n d i n g   p r o g r e s s e s ,   t h e   q u a n t i t y   of  f l u i d   s u p p l i e d   to   t h e  

g r i n d i n g   p o i n t   b e c o m e s   i n s u f f i c i e n t ,   c l o g g i n g   or   w e a r   o f  

t h e   g r i n d s t o n e   1  o c c u r ,   and   i t   b e c o m e s   i m p o s s i b l e   t o  

a c h i e v e   t h e   n e c e s s a r y   p r e c i s i o n   f o r   t h e   o b j e c t   b e i n g  

g r o u n d   2,  and   t h e   q u a l i t y   of   t h e   s u r f a c e   d e t e r i o r a t e s .  

SUMMARY  OF  THE  INVENTION 

A c c o r d i n g l y ,   an  o b j e c t   of  t h e   i n v e n t i o n   i s   t o  

p r e v e n t   c l o g g i n g   and   w e a r   of   a  g r i n d s t o n e   and  t h u s   i m p r o v e  

t h e   p r e c i s i o n   of  an  o b j e c t   b e i n g   g r o u n d   and  t h e   q u a l i t y   o f  

i t s   s u r f a c e   by  e n s u r i n g   t h a t   t h e   p o s i t i o n   of  t h e   n o z z l e s  

s u p p l y i n g   t h e   g r i n d i n g   f l u i d   be  c o n t r o l l e d   w i t h   r e s p e c t   t o  

t h e   g r i n d i n g   p o i n t   s u c h   t h a t   t h e y   can   e n s u r e   an  e f f e c t i v e  

s u p p l y   of   f l u i d   to   t h e   g r i n d i n g   p o i n t   a t   a l l   t i m e s .  

The  a b o v e - d e s c r i b e d   o b j e c t   of  t h e   i n v e n t i o n   i s  

a c h i e v e d   by  p r o v i d i n g   a  n o z z l e   t u r n i n g   m e a n s   a b l e   t o  

r o t a t e   t h e   n o z z l e s ,   w h i c h   s p o u t   g r i n d i n g   f l u i d   o n t o   t h e  

g r i n d i n g   p o i n t ,   a b o u t   t h e   a x i s   of  t h e   g r i n d s t o n e .   Thus   a s  

t h e   g r i n d i n g   p o i n t   moves   t h e   n o z z l e s   a r e   made  to   t u r n   o n  

t h e   a x i s   of   t h e   g r i n d s t o n e   so  t h a t   t h e y   p o i n t   t o w a r d s   t h e  



g r i n d i n g   p o i n t   and  r e m a i n   d i r e c t e d   t h e r e   a t   a l l   t i m e s .  

To  t h i s   e n d ,   t h e   i n v e n t i o n   p r o v i d e s   a  g r i n d i n g  

f l u i d   s u p p l y i n g   d e v i c e   c o m p r i s i n g   a  pump  f o r   d i s c h a r g i n g   a  

g r i n d i n g   f l u i d ;   a  g r i n d i n g   f l u i d   i n t r o d u c t i o n   p i p e   c o n n e c t -  

ed  to   one   end  of   t h e   s a i d   pump;  a  n o z z l e   s p o u t i n g   t h e  

g r i n d i n g   f l u i d   s u p p l i e d   by  s a i d   p i p e   o n t o   a  g r i n d i n g   p o i n t  

f r o m   a  d i r e c t i o n   p a r a l l e l   to   t h e   a x i s   of   t h e   a b o v e -  

m e n t i o n e d   g r i n d s t o n e ;   a  n o z z l e   s p o u t i n g   t h e   g r i n d i n g   f l u i d  

a t   a  t a n g e n t   to   t h e   g r i n d s t o n e   a t   t h e   g r i n d i n g   p o i n t ;   a n d  

a  means   f o r   s i m u l t a n e o u s l y   t u r n i n g   t h e   s a i d   n o z z l e s   a b o u t  

t h e   a x i s   of   r o t a t i o n   of   t h e   a b o v e - m e n t i o n e d   g r i n d s t o n e ,  - s o  

t h a t   b o t h   s a i d   g r i n d i n g   f l u i d   n o z z l e s   a r e   c o n s t a n t l y  

d i r e c t e d   a t   and  s p o u t i n g   f l u i d   on  t h e   g r i n d i n g   p o i n t   as  i t  

m o v e s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   l a   s h o w s   a  f r o n t   v i e w   of   t h e   c o n v e n t i o n a l  

m e t h o d   of  s u p p l y i n g   g r i n d i n g   f l u i d   in   t h e   g r i n d i n g   o f  

c u r v e d   s u r f a c e s ;  

F i g .   lb   i s   a  s i d e   v i e w   of  t h e   s a m e ;  

F i g .   2  i s   a  p l a n   v i e w   of   an  e m b o d i m e n t   f o r  

s u p p l y i n g   t h e   g r i n d i n g   f l u i d   in   a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n ;  

F i g .   3  i s   a  f r o n t   c r o s s - s e c t i o n a l   v i e w   s h o w i n g  

t h e   s u p p l y   s e c t i o n   of  t h e   g r i n d i n g   f l u i d   s u p p l y i n g   d e v i c e  

shown  in  F i g u r e   2,  t o g e t h e r   w i t h   t h e  s h a f t   of   t h e   g r i n d -  

s t o n e ;  

F i g .   4  i s   a  p l a n   v i e w   of  t h e   p o s i t i o n   of  t h e  



g r i n d i n g   f l u i d   s u p p l y i n g   d e v i c e   shown  in  F i g .   2  when  t h e  

g r i n d i n g   p o i n t   h a s   m o v e d ;  

F i g .   5  i s   a  f l o w   c h a r t   s h o w i n g   how  t h e   t u r n i n g  

means   f o r   t h e   n o z z l e s   i s   c o n t r o l l e d ;  

F i g .   6a  g i v e s   d a t a   c o n c e r n i n g   t h e   r o u g h n e s s   o f  

t h e   s u r f a c e   g r o u n d   u s i n g   t h e   c o n v e n t i o n a l   m e t h o d   of  s u p p l y -  

i n g   g r i n d i n g   f l u i d ;   a n d  

F i g .   6b  i s   d a t a   c o n c e r n i n g   t h e   r o u g h n e s s   of  t h e  

s u r f a c e   g r o u n d   by  t h e   a i d   of  t h e   g r i n d i n g   f l u i d   s u p p l y i n g  

d e v i c e   of  t h e   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

A  p r e f e r r e d   e m b o d i m e n t   of   t h i s   i n v e n t i o n   w i l l  

now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to   t h e   d r a w i n g s .  

R e f e r r i n g   to   F i g s .   2  and  3,  a  r e f e r e n c e   n u m e r a l  

11  d e n o t e s   a  f l u i d   i n t r o d u c i n g   p i p e ,   t h r o u g h   w h i c h   a  g r i n d -  

i n g   f l u i d   pumped   o u t   f r o m   a  pump  10  i s   i n t r o d u c e d   i n t o   a  

m a n i f o l d   12.  The  g r i n d i n g   f l u i d   i s   t h e n   l e d   to   t h e   g r i n d -  

i n g   p o i n t   v i a   a  n o z z l e   14 ,   w h i c h   s p o u t s   f l u i d   in   a  d i r e c t -  

i o n   p a r a l l e l   to   t h e   a x i s   of   a  g r i n d s t o n e   13  ( c o m p o s e d   o f  

d i a m o n d   g r a n u l e s   e t c .   b o n d e d   w i t h   m e t a l   or   r e s i n   b o n d ) ,  

and  a  n o z z l e   15 ,   w h i c h   s p o u t s   f l u i d   a t   a  t a n g e n t   to   t h e  

g r i n d s t o n e   13  a t   t h e   g r i n d i n g   p o i n t .  

The  m a n i f o l d   12  and  t h e   n o z z l e s   14  and  15  a r e  

made  to   t u r n   on  t h e   a x i s   of  t h e   g r i n d s t o n e   13  in   t h e   d i r e c -  

t i o n   d  shown  in   F i g u r e   2,  by  a  DC  or   p u l s e   d r i v e   m o t o r   1 6 .  

A  n u m e r a l   17  d e n o t e s   a  s h a f t   h o u s i n g   of  t h e   g r i n d s t o n e ,   a n d  

18  d e n o t e s   a  p r o t e c t i v e   c o v e r   f o r   t h e   g r i n d s t o n e .   A  g l a s s  



l e n s   or  o t h e r   o b j e c t   b e i n g   g r o u d   i s   d e s i g n a t e d   by  a  n u m e r a l  

19.  N u m e r a l s   20,   21  and   22  d e n o t e   t h e   c o l l e t s ,   c l a m p   r i n g s  

and   h o l d e r s   r e s p e c t i v e l y   f o r   t h e   o b j e c t   b e i n g   g r o u n d .   A 

n u m e r a l   23  d e n o t e s   a  s h a f t   f o r   r o t a t i n g   t h e   o b j e c t   to   b e  

g r o u n d ,   24  d e n o t s   a  h o u s i n g   of  t h e   s h a f t ,   and   25  d e n o t e s  

a  p a i r   of  b a l l - b e a r i n g s .  

In  F i g u r e   3,  a  n u m e r a l   26  d e n o t e s   a  s h a f t   f o r  

r o t a t i n g   t h e   g r i n d s t o n e ,   27  and  28  d e n o t e   b a l l - b e a r i n g s ,  

and   29  and  30  d e n o t e   t h e   s t a t o r   and   r o t o r ,   r e s p e c t i v e l y ,  

of   t h e   m o t o r   f o r   d r i v i n g   t h e   g r i n d s t o n e .  

The  a b o v e   i s   an  e x p l a n a t i o n   of   t h e   a c t u a l   s t r u c -  

t u r e   of  t h e   d e v i c e   f o r   s u p p l y i n g   g r i n d i n g   f l u i d :   w h a t  

f o l l o w s   i s   a  d e s c r i p t i o n   of  how  i t   w o r k s .  

When  g r i n d i n g   t o   a  s p e c i f i e d   c u r v a t u r e ,   d a t a   f o r  

c o n t r o l l i n g   t h e   m o v e m e n t   of   t h e   g r i n d s t o n e   13  and   t h e  

o b j e c t   b e i n g   g r o u n d   19  r e l a t i v e   to   e a c h   o t h e r   on  an  X - Y  

t a b l e   ( n o t   s h o w n ) ,   a r e   f i r s t   c a l c u l a t e d   by  c o m p u t e r  

a c c o r d i n g   to   a  p r o g r a m   w h i c h   i s   b e f o r e h a n d   s t o r e d   in   t h e  

g r i n d i n g  a p p a r a t u s .   In  a c c o r d a n c e   w i t h   t h e   t h u s   c o m p u t e d  

d a t a ,   t h e   g r i n d s t o n e   can   be  r o t a t e d   a t   h i g h   s p e e d s   in   t h e  

d i r e c t i o n   b  shown  in   F i g u r e   2  by  t h e   d r i v e   m o t o r   h a v i n g  

t h e   s t a t o r   29  and   r o t o r   30.  So  as  to   g r i n d   t h e   o b j e c t   t o  

t h e   s p e c i f i e d   c u r v a t u r e .  

The  g r i n d s t o n e   i s   t h e n   p l a c e d   in   p o s i t i o n   a t   t h e  

c e n t r e   of   r o t a t i o n   of  t h e   s u r f a c e   of   t h e   o b j e c t   to   b e  

g r o u n d ,   and  n o z z l e s   14  and  15  s e t   so  t h a t   t h e y   p r o v i d e   a n  

e f f e c t i v e   f l o w   of   g r i n d i n g   f l u i d   to   t h e   g r i n d i n g   p o i n t ,   i n  

o t h e r   w o r d s   so  t h a t   t h e y   a r e   d i r e c t e d   to   t h e   g r i n d i n g   p o i n t .  



When  t h e   p r o c e s s   s t a r t s ,   t h e   g r i n d s t o n e   13  s t a r t s  

to   move  a c c o r d i n g   to   t h e   p r e - c a l c u l a t e d   c o n t r o l   d a t a  

m e n t i o n e d   a b o v e ,   so  t h a t   t h e   o b j e c t   b e i n g   g r o u n d   19  w i l l  

be  g r o u n d   to   t h e   s p e c i f i e d   c u r v a t u r e .  

The  a n g l e  @ 1 ,   w h i c h   i s   t h e   a n g l e   r e q u i r e d   to   k e e p  

t h e   n o z z l e s   14  and  15  t u r n i n g   on  t h e   a x i s   of  t h e   g r i n d s t o n e  

13  b o t h   d i r e c t e d   a t   t h e   g r i n d i n g   p o i n t ,   i s   e q u a l   t o ,   i n  

t h e   c a s e   t h a t   t h e   o b j e c t   b e i n g   g r o u n d   h a s   a  s p h e r i c a l  

s u r f a c e ,   t h e   a n g l e   of  t u r n   @2  of  t h e   g r i n d i n g   p o i n t   a r o u n d  

t h e   c e n t r e   0  of  t h e   s p h e r i c a l   s u r f a c e   to   be  g e n e r a t e d ,   a s  

shown  in  F i g u r e   4 .  

T h i s   a n g l e   of   t u r n   @2  i s   e x p r e s s e d   by  t h e   f o r m u l a  

8 2  =   s i n - 1   ( x / r ) ,   w h e r e   r  i s   a  r a d i u s   of   t h e   s p h e r i c a l  

s u r f a c e   b e i n g   g r o u n d ,   and   x  a  d i s t a n c e   of  t h e   g r i n d i n g  

p o i n t   f r o m   t h e   a x i s   of  r o t a t i o n   of  t h e   o b j e c t   b e i n g   g r o u n d  

19.  The  a n g l e   81  of   t u r n   f o r   t h e   n o z z l e s   14  and  15  i s  

d e t e r m i n e d   by  c a l c u l a t i n g   t h e   a n g l e   @2,  w h i c h   c o r r e s p o n d s  

to   t h e   d i s t a n c e   x,   and   i s   s e n t   in   t h e   f o r m   of   c o n t r o l   d a t a  

to   t h e   d r i v e   m o t o r   16  so  t h a t   t h e   n o z z l e s   14  and   15  a r e  

moved  to   a im  a t   t h e   g r i n d i n g   p o i n t   as   t h e   p r o c e s s   p r o c e e d s .  

The  f l o w   c h a r t   f o r   t h e   a b o v e - m e n t i o n e d   c o n t r o l  

of   t h e   a n g l e   of   t u r n   f o r   t h e   n o z z l e s ,   81,  i s   shown  i n  

F i g u r e   5 .  

I t   i s   a l s o   p o s s i b l e   to   c o n t r o l   t h e   t u r n i n g   a n g l e  

of  t h e   n o z z l e s   by  n u m e r i c a l   c o n t r o l ,   w i t h o u t   u s i n g   t h e  

a b o v e - m e n t i o n e d   m e t h o d ,   b a s e d   on  n u m e r i c a l   c a l c u l a t i o n   o f  

t h e   v a l u e s   f o r   t h e   s h a p e   to   be  g e n e r a t e d   by  t h e   g r i n d i n g .  

The  e f f e c t s   of  t h i s   i n v e n t i o n   in  i t s   p r e f e r r e d  



e m b o d i m e n t   d e s c r i b e d   a b o v e   w i l l   now  be  e x p l a i n e d   i n  

r e f e r e n c e   to   F i g u r e s   6a  and  6b.  F i g u r e   6a  g i v e s   t h e   d a t a  

f o r   t h e   r o u g h n e s s   of  t h e   s u r f a c e   of  a  s p h e r i c a l   g l a s s   l e n s  

g r o u n d   u s i n g   c o n v e n t i o n a l   d e v i c e   s u p p l y i n g   g r i n d i n g   f l u i d ,  

w h i l e   F i g u r e   6b  g i v e s   t h e   d a t a   o b t a i n e d   f o r   t h e   s a m e  

p r o c e s s ,   b u t   u s i n g   t h e   p r e f e r r e d   e m b o d i m e n t   of  t h i s  

i n v e n t i o n .  

P o i n t s   A,  B,  C  and  D  in   F i g u r e s   6a  and  6b  r e f e r  

to   p o s i t i o n s   on  t h e   s u r f a c e   of  t h e   o b j e c t   b e i n g   g r o u n d ,   a  

s p h e r i c a l   g l a s s   l e n s .   The  p o s i t i o n   A  i s   l o c a t e d   on  t h e  

s u r f a c e   o v e r   t h e   a x i s   of   r o t a t i o n   of  t h e   l e n s ,   w h i c h   h a s  

a  d i a m e t e r   of   a p p r o x i m a t e l y   30  mm,  and   p o s i t i o n s   B,  C  a n d  

D  a r e   l o c a t e d   r a d i a l l y   away  f r o m   A  a t   e q u a l  5   mm  i n t e r v a l s  

on  t h e   s u r f a c e   of  t h e   l e n s .   In  F i g u r e   6a ,   w h i c h   shows   t h e  

d a t a   f o r   s u r f a c e   f i n i s h   o b t a i n e d   u s i n g   t h e   c o n v e n t i o n a l  

d e v i c e   f o r   s u p p l y i n g   g r i n d i n g   f l u i d ,   t h e   n o z z l e s   h a v e  

b e e n   s e t   so  t h a t   t h e y   a r e   d i r e c t e d   a t   t h e   g r i n d i n g   p o i n t  

in   t h e   v i c i n i t y   of  C,  and  i t   can   be  s e e n   t h a t   t h e   f u r t h e r  

t h e   g r i n d i n g   p o i n t   moves   f r o m   C,  t h e   r o u g h e r   t h e   f i n i s h  

b e c o m e s ,   due   to   t h e   i n c r e a s i n g   d i s p a r i t y   b e t w e e n   t h e  

g r i n d i n g   p o i n t   and  t h e   d i r e c t i o n   in   w h i c h   t h e   g r i n d i n g  

f l u i d   i s   b e i n g   s p o u t e d .   In  c o n t r a s t   to   t h i s ,   h o w e v e r ,  

F i g u r e   6b  shows   t h a t   t h e   u s e   of  t h e   p r e f e r r e d   e m b o d i m e n t  

of   t h i s   i n v e n t i o n   r e s u l t s   in   an  e q u a l l y   g o o d   s u r f a c e  

f i n i s h   a t   a l l   p o i n t s .  

In  t h i s   way ,   by  u s i n g   t h e   p r e f e r r e d   e m b o d i m e n t ,  

i t   i s   p o s s i b l e   to   move  t h e   g r i n d i n g   f l u i d   s u p p l y   n o z z l e s  

to   e n s u r e   a  c o n s t a n t   and  s u f f i c i e n t   s u p p l y   of   g r i n d i n g  



f l u i d   to   t h e   g r i n d i n g   p o i n t   as  i t   moves   d u r i n g   t h e   p r o c e s s ,  

and  a c h i e v e   a  g r i n d i n g   p r e c i s i o n   of  0 . 1   µm  f o r   a  c u r v e d  

s u r f a c e ,   and  a  s u r f a c e   f i n i s h   of   Ra  on  t h e   o r d e r   of   0 . 0 0 4  

µm. 

In  t h e   d e s c r i p t i o n   of  t h e   p r e f e r r e d   e m b o d i m e n t ,  

t h e   r a d i u s   of   c u r v a t u r e   of  t h e   s u r f a c e   of   t h e   o b j e c t   to   b e  

g r o u n d   19  was  t a k e n   as  r ,   b u t   e v e n   in   t h e   c a s e   of   n o n -  

s p h e r i c a l   s u r f a c e s ,   g o o d   r e s u l t s   can   be  o b t a i n e d   b y  

a p p r o x i m a t i n g   t h e   r a d i u s   of  c u r v a t u r e   as  r ,   m e a n i n g   t h a t  

t h i s   d e v i c e   f o r   s u p p l y i n g   g r i n d i n g   f l u i d   i s   a l s o   a p p l i c a b l e  

to   t h e   g r i n d i n g   of  n o n - s p h e r i c a l   s u r f a c e s .  

S i n c e   t h e   i n v e n t i o n   p r o v i d e s   f o r   t h e   n o z z l e s  

s u p p l y i n g   t h e   g r i n d i n g   f l u i d   to   t u r n   on  t h e   a x i s   o f  

r o t a t i o n   of  t h e   g r i n d s t o n e ,   t h u s   e n s u r i n g   a  c o n s t a n t  

s u p p l y   of   g r i n d i n g   f l u i d   to   t h e   g r i n d i n g   p o i n t   as  i t   m o v e s  

in   t h e   c o u r s e   of   t h e   p r o c e s s ,   c l o g g i n g   and   w e a r   of  t h e  

g r i n d s t o n e   a r e   p r e v e n t e d ,   and   an  e x t r e m e l y   h i g h - p r e c i s i o n ,  

h i g h   q u a l i t y   s u r f a c e   c an   be  o b t a i n e d ,   t h u s   o f f e r i n g   v a r i o u s  

p r a c t i c a l   a d v a n t a g e s .  



1.  A  d e v i c e   f o r   s u p p l y i n g   a  g r i n d i n g   f l u i d   to  a n  

a p p a r a t u s   f o r   g r i n d i n g   c u r v e d   s u r f a c e s   by  m e a n s   of  a  

r o t a t i n g   g r i n d s t o n e ,   c o m p r i s i n g :   a  pump  f o r   t h e   g r i n d i n g  

f l u i d ;   a  p i p e   c o n n e c t e d   to   one   end  of  s a i d   pump  f o r   s u p p l y -  

i n g   s a i d   g r i n d i n g   f l u i d ;   a  n o z z l e   m e a n s   d i r e c t e d   a t   t h e  

g r i n d i n g   p o i n t   and   d e s i g n e d   f o r   s p o u t i n g   t h e   g r i n d i n g  

f l u i d   s u p p l i e d   by  s a i d   p i p e ;   a  m e a n s   f o r   t u r n i n g   s a i d  

n o z z l e s   a b o u t   t h e   a x i s   of  r o t a t i o n   of   t h e   a b o v e - m e n t i o n e d  

g r i n d s t o n e ;   and  a  m e a n s   f o r   c o n t r o l l i n g   t h e   r o t a t i o n   o f  

t h e   s a i d   n o z z l e   t u r n i n g   m e a n s .  

2.  A  d e v i c e   f o r   s u p p l y i n g   g r i n d i n g   f l u i d   as  c l a i m e d  

in  C l a i m   1,  w h e r e i n   s a i d   n o z z l e   m e a n s   i n c l u d e s   one  or   m o r e  

n o z z l e s   f o r   s p o u t i n g   t h e   g r i n d i n g   f l u i d   o n t o   t h e   g r i n d i n g  

p o i n t   f r o m   a t   l e a s t   one   of  t h e   d i r e c t i o n s ,   p a r a l l e l   t o  

t h e   a x i s   of  t h e   a b o v e - m e n t i o n e d   g r i n d s t o n e ,   and  t h e  

d i r e c t i o n   a t   a  t a n g e n t   to   t h e   g r i n d s t o n e   a t   t h e   g r i n d i n g  

p o i n t .  

3.  A  d e v i c e   f o r   s u p p l y i n g   g r i n d i n g   f l u i d   as  c l a i m e d  

in   C l a i m   1,  w h e r e i n   s a i d   n o z z l e   m e a n s   i n c l u d e s   a  n o z z l e  

f o r   s p o u t i n g   s a i d   g r i n d i n g   f l u i d   o n t o   t h e   g r i n d i n g   p o i n t  

in   a  d i r e c t i o n   p a r a l l e l   to   t h e   a x i s   of  t h e   a b o v e - m e n t i o n e d  

g r i n d s t o n e ,   and   a  n o z z l e   f o r   s p o u t i n g   g r i n d i n g   f l u i d   o n t o  

t h e   g r i n d i n g   p o i n t   a t   a  t a n g e n t   to  t h e   g r i n d i n g   p o i n t   o f  

t h e   a b o v e - m e n t i o n e d   g r i n d s t o n e ,   b o t h   t h e   s a i d   n o z z l e s  

b e i n g   t u r n e d   by  t h e   same  s a i d   n o z z l e   t u r n i n g   m e a n s .  

4.  A  d e v i c e   f o r   s u p p l y i n g   a  g r i n d i n g   f l u i d   to   a n  

a p p a r a t u s   f o r   g r i n d i n g   c u r v e d   s u r f a c e s   by  m e a n s   of  a  



r o t a t i n g   g r i n d s t o n e ,   c o m p r i s i n g :   a  pump  f o r   t h e   g r i n d i n g  

f l u i d ;   a  p i p e   c o n n e c t e d   to   one   end  of  s a i d   pump  f o r   s u p p l y -  

i n g   s a i d   g r i n d i n g   f l u i d ;   one   or   more   n o z z l e s   f o r   s p o u t i n g  

t h e   g r i n d i n g   f l u i d   s u p p l i e d   by  s a i d   p i p e   o n t o   t h e   g r i n d i n g  

p o i n t   f r o m   a t   l e a s t   one   of  t h e   d i r e c t i o n   p a r a l l e l   to   t h e  

a x i s   of   t h e   a b o v e - m e n t i o n e d   g r i n d s t o n e ,   and   t h e   d i r e c t i o n  

a t   a  t a n g e n t   to   t h e   g r i n d s t o n e   a t   t h e   g r i n d i n g   p o i n t ;   a  

means   f o r   t u r n i n g   t h e   s a i d   n o z z l e s   a b o u t   t h e   a x i s   o f  

r o t a t i o n   of   t h e   a b o v e - m e n t i o n e d   g r i n d s t o n e ;   and   a  m e a n s  

f o r   c o n t r o l l i n g   t h e   r o t a t i o n   of  t h e   s a i d   n o z z l e   t u r n i n g  

m e a n s .  

5.  A  d e v i c e   f o r   s u p p l y i n g   a  g r i n d i n g   f l u i d   a s  

c l a i m e d   in   C l a i m   4,  w h e r e i n   s a i d   n o z z l e   i n c l u d e s   a  n o z z l e  

f o r   s p o u t i n g   g r i n d i n g   f l u i d   o n t o   t h e   g r i n d i n g   p o i n t   in   a  

d i r e c t i o n   p a r a l l e l   t o   t h e   a x i s   of  t h e   a b o v e - m e n t i o n e d  

g r i n d s t o n e ,   and  a  n o z z l e   f o r   s p o u t i n g   g r i n d i n g   f l u i d   o n t o  

t h e   g r i n d i n g   p o i n t   a t   a  t a n g e n t   to   t h e   g r i n d i n g   p o i n t   o f  

t h e   a b o v e - m e n t i o n e d   g r i n d s t o n e ,   b o t h   s a i d   n o z z l e s   b e i n g  

t u r n e d   by  t h e   same  s a i d   n o z z l e   t u r n i n g   m e a n s .  

6.  A  d e v i c e   f o r   s u p p l y i n g   a  g r i n d i n g   f l u i d   to   a n  

a p p a r a t u s   f o r   g r i n d i n g   c u r v e d   s u r f a c e s   by  m e a n s   of  a  

r o t a t i n g   g r i n d s t o n e ,   c o m p r i s i n g :   a  pump  f o r   t h e   g r i n d i n g  

f l u i d ;   a  p i p e   c o n n e c t e d   to   one   end  of  s a i d   pump  f o r  

s u p p l y i n g   t h e   g r i n d i n g   f l u i d ;   a  n o z z l e   f o r   s p o u t i n g   s a i d  

g r i n d i n g   f l u i d   s u p p l i e d   by  s a i d   p i p e   o n t o   t h e   g r i n d i n g  

p o i n t   f r o m   a  d i r e c t i o n   p a r a l l e l   to   t h e   a x i s   of  t h e   a b o v e -  

m e n t i o n e d   g r i n d s t o n e ,   and  a  n o z z l e   f o r   s p o u t i n g   s a i d   g r i n d -  

i n g   f l u i d   a t   a  t a n g e n t   to   t h e   g r i n d s t o n e   a t   t h e   g r i n d i n g  



p o i n t ;   a  m e a n s   f o r   s i m u l t a n e o u s l y   t u r n i n g   t h e   s a i d   n o z z l e s  

a b o u t   t h e   a x i s   of  r o t a t i o n   of   t h e   a b o v e - m e n t i o n e d   g r i n d -  

s t o n e ;   and  a  means   f o r   c o n t r o l l i n g   t h e   r o t a t i o n   of  s a i d  

n o z z l e   t u r n i n g   m e a n s .  
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